Introduction
In this study the dynamics of employment at the firm level following a sharp increase in the minimum wage is analyzed. Several novel aspects are introduced in the empirical analysis of the topic.
First, the change in the legislation under analysis provides remarkably good conditions for economic analysis, since the increase in the mandatory minimum wage was large, unpredictable, and it affected only a very specific group of workers.
Indeed, in 1987 the minimum wage for workers aged 17 increased in Portugal by 50 percent, due strictly to changes in the legislation, and for workers aged 18 or 19 it was raised from 75 percent to the full minimum wage rate, therefore increasing by 33 percent.
Second, the analysis relies on a panel of linked employer-employee data, covering in each year nearly all of the wage earners in the private sector (over two million workers), an outstanding data set. Every firm with wage-earners is legally obliged to reply to this inquiry by the Ministry of Employment, and the response rate is thus extremely high.
Third, the study handles issues that have not previously been explored in the literature. By explaining employer behavior regarding both accessions and separations, and focusing not just on firms remaining in business, but also on new firms and those closing down, this study adds to the previous literature that has explained net job flows at the firm level (Card and Krueger 1994 , Katz and Krueger 1992 , Pereira 2002 . 1 We can therefore address the minimum wage puzzle, by identifying exactly where and how the minimum wage bites: do employers dismiss mainly youngsters, following a rise in the youth minimum wage? Or do youngsters become under-represented among the newly hired workers? Do firms that are about to be set up, which are free to choose their labor force from the available pool of workers, hire relatively fewer youngsters than comparable firms did before the minimum wage was raised? Does a rising minimum wage place unbearable constraints on firms, contributing to firm closure? Identification of the precise source for changing employment levels can reconcile some of the evidence that has previously been presented in the literature as contradictory.
We will also rely on micro data on workers to follow a line of analysis previously used by Abowd et al. (2000) , Zavodny (2000) and Currie and Fallick (1996) . At the individual level, we can provide a direct answer to the question: are the workers directly affected by a rise in the minimum wage less likely to keep their jobs?
Therefore, in the current study, two types of constraints traditionally faced by labor economists in the empirical analysis of the minimum wage are relaxed.
First, the impact of the minimum wage is usually hard to isolate from that of other economic forces. Ideally, the conditions for quasi-experiments should be met, in which case changes in the minimum wage would affect strictly a specific group of workers, subject to conditions otherwise similar to other workers, a situation that very rarely occurs in economics. The studies by Krueger (1994, 1995) and Katz and Krueger (1992) have become well-known examples of that methodology, as their work generated an intense debate. 2 Second, even when changes in the minimum wage provide good conditions for economic analysis, the study to be undertaken still depends crucially on the data available, in particular its quality and detail.
3 On both of these fronts, our study relies on unusually favorable conditions, enabling the analysis to progress into directions left unexplored by previous studies.
Section 2 describes the institutional framework in Portugal and the major changes that have taken place with respect to the mandatory minimum wage.
Sections 3 and 4 provide an aggregate perspective on changes in the wage distribution and in employment, showing a high degree of compliance with the new legislation and a positive impact of rising minimum wages on employment. Section 5.1 models job accessions and job separations in continuing firms, whereas 2 See for example the Review Symposium in the Industrial and Labor Relations Review in July 1995 , Keenan (1995 , Neumark and Wascher (2000) , Burkhauser et al. (2000) , Card and Krueger (2000) , Machin and Manning (1996) , Deere et al. (1995) , Dolado et al. (1996) .
3 Meyer and Wise (1983a,b) have developed a methodology to estimate the impact of the minimum wage on employment and the wage distribution using just one cross-section of data. Their methodology is discussed in Dickens et al. (1998) . section 5.2 performs a similar exercise for new firms and for firms closing down.
Worker turnover is the subject of section 6. An extension of the theoretical model of Burdett and Mortensen (1998) is highlighted in section 7, as it provides very clear predictions that fit well the empirical evidence disclosed for Portugal. The last part of the paper presents concluding comments.
Institutional framework
In Portugal, a mandatory minimum wage was set for the first time in 1974, covering solely workers aged 20 or older and excluding agriculture and household services.
Ever since, it has been annually updated by the parliament, under government proposal.
4 Decisions on the level of the minimum wage are taken on a discretionary basis, usually taking into account past and predicted inflation and a consultation with the social partners. It is defined as a monthly wage. Since it was first enacted, the minimum wage has undergone several changes 5 , the major one regarding the age coverage. Indeed, the ages subject to exemption, as well as the percentage of Three changes in the legislation have yielded remarkable wage increases for the ages involved:
• first of all, in 1987 the minimum wage for workers aged 17 increased by 50 percent due to changes in the legislation ceteris paribus, as it was raised from half to 75 percent of the full minimum wage;
• second, also in 1987, the minimum wage for workers aged 18 or 19 was raised from 75 percent of the minimum wage to the full minimum, therefore increasing by 33 percent;
• the third change took place the following year, in 1988, as the minimum wage for workers aged 16 or less was raised from 50 percent to 75 percent of the full minimum, thus increasing by 50 percent.
Exceptions could, however, apply to the second change described, if the worker was formally classified as an apprentice, in which case he/she would be entitled to 80 percent of the general minimum wage, instead of the full rate. This exemption could undermine the impact of the rise in the minimum wage that we intend to study, if employers had room to change the occupational category of the worker to an apprentice, in order to get away without paying him/her the full minimum wage, an issue to be addressed and checked in the next section.
This study concentrates on the changes that took place in 1987, as they provide good conditions for economic analysis. In her study, Pereira (2002) used the same change in the legal framework described, arguing that it defines the setting for a quasi-experiment in economics (for more details, see Pereira (2002) ).
3 Overview: aggregate data suggest that youth employment increased following a sharp rise in the youth minimum wage
Preliminary evidence on the impact of the rise in the minimum wage, based on aggregate figures (tables 2 and 3 and figure 1), indicates that compliance with the minimum wage legislation was high and seems to suggest that traditional economic theory is challenged, in the sense that the rise in the minimum wage did not lead to declining employment. Note first the impact of the legal changes on the average wage of the different age groups, relying on three cross-sections of data.
As expected, wages increased most sharply precisely for the groups of workers affected by the rise in the minimum wage (see highlights in bold in Portugal, MTS (1986 -1989 . Wages refer to the gross base monthly wage, and the change is computed as
, where w stands for the average wage of the age group a, and the subscript t denotes time.
example, between 1986 and 1987, the average wage for workers aged 17, 18 or 19 increased the most, while all the other age categories had a much lower and more homogeneous wage growth. The rise in the legal minimum wage thus seems to have had a relevant impact on the wages of the eligible workers, indicating that subminimum wages had been widespread among teenagers 6 and that the possibility to register a worker as an apprentice was not extensively used by employers. Indeed, the share of apprentices in the age categories directly affected by the change in the legislation did not increase during this period (see appendix C). The same pattern holds for the subsequent year, as the groups of workers affected by changes in the minimum wage -those aged 16 or less -saw their average wage rise the most.
Visual inspection of the wage distribution in figure 1 stresses the relevance of the changes that took place. In 1986, the wage distribution for teenagers showed a sharp peak at 75 percent of the national minimum wage, that is, the sub-minimum allowed for workers aged 18 or 19. The distribution presented a less pronounced peak at the full minimum wage. By 1987, the peak at the sub-minimum wage level had almost vanished, and the share of teens at the minimum wage had increased 6 In 1986, the share of workers aged 17, 18 and 19 earning sub-minimum wages was 84 percent, 63 percent and 46 percent, respectively.
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sharply. The kernel plot (produced with a common bandwidth) therefore indicates that the rise in the applicable minimum wage shifted sub-minimum teenager wages to the new minimum wage level, and thus compliance to the new regulation was widespread. While total employment increased by 3.3 percent between 1986 and 1987 (table 3), the number of jobs taken by workers aged 17 to 19 increased more sharply, by 4.3 percent to 6.1 percent. Nevertheless, the group aged 20 to 23 presented even higher employment growth rates. The following year, while total employment increased by 1.2 percent, the youngest workers had a much higher employment growth, which compensated for the decline in the employment of prime-age workers. This level of analysis therefore does not suggest the existence of an aggregate negative impact on employment resulting from the sharp rise in the minimum wage for specific age groups.
An accounting framework
A more telling way to isolate the impact of the change in the minimum wage legislation on employment and wages is obtained via the estimation of the following Source: Computations based on Portugal, MTS (1986 -1989 . Employment growth was computed as
, where L a stands for employment of age group a, and the subscript t denotes time.
wage and employment equations:
where ∆e a,t denotes the log employment change for workers aged a at year t.
α a and λ t correspond to the age and time dummies, respectively. T is a binary variable that stands for the treatment group. In other words, T equals one for the (teen)age group affected by the change in the legislation, at the relevant year. u a,t is a random error term. In the second equation, ∆w a,t stands for the log change in wages for workers aged a at year t. 5 Modeling both sides of the recruitment policy of the firm: worker accessions versus worker separations
Firms may change the composition of their labor force following a rise in the minimum wage for a particular group of workers, namely dismissing workers whose marginal productivity falls below the new minimum wage or avoiding hiring those workers. This section models worker flows distinguishing between: hirings by continuing firms; hirings by companies newly set up; separations from continuing firms; and layoffs from companies that close down.
We will concentrate on the share of teenagers in total job accessions/separations involving workers aged up to 35 years. Whereas overall figures for job accessions and separations may be influenced by the business cycle, concentrating on the share of teenagers in those flows can highlight changes in employer policies following the 7 The 95 percent confidence interval has a lower band at 0.159 and an upper band at 1.979.
8
rise in the youth minimum wage. In fact, considering just the flows for workers aged up to 35 we are comparing similar groups, expected to be affected in a similar way by trends in the business cycle. 8 Insight into the impact of minimum wages on worker flows was obtained via regression analysis. A Poisson regression model applied to grouped data was employed. The size of the flow of teenage workers was modeled as
or, in a more convenient reparameterization
where µ is the expected value of the number of events (in this case, the number of teenage workers), x is the vector of explanatory variables, and β the vector of corresponding regression coefficients. N i denotes the size of the exposure set in the same unit in which the events occur (in this case, the firm's flow of workers).
Note that this approach automatically accommodates the need to properly weight each observation by the size of the total flow of workers (aged less than 35 years).
When modeling trends in continuing firms one has to account for the possibility that there are repeated observations. Firms will be present as long as there are hirings (or separations) in a given year. A natural way to accommodate the longitudinal nature of this data is to specify a model with firm-specific random effects:
where
Another reason why we did not include older workers is because we want to minimize the contamination of our results generated by early retirement decisions, a phenomenon that was fairly frequent during this period.
We have extensively searched for evidence of spillover effects on the employment of young adults resulting from a rise in the youth minimum wage, but support for that hypothesis has not been found. and α i is a random error term, assumed to be gamma distributed with unit mean and variance equal to 1/δ. Integration with respect to α i leads to the unconditional density (Cameron and Trivedi, 1998) :
Maximum likelihood estimation of the β and δ parameters is straightforward.
The results of both specifications, with and without random effects, are presented for comparison.
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Note the similarities and differences between this methodology and the one most often used in the literature. The 'difference in differences' approach compares the before and after treatment situations for the affected group and the control group.
In that case, four stocks are considered -the employment level in different years for two different groups. The first difference computes the net employment change for each group, canceling out permanent characteristics of the group. The second difference compares the two groups, canceling out macroeconomic shocks that affect both groups of workers in the same way. Ordinary least squares are used to estimate the model.
Our approach here is, instead, based on flow variables -worker accessions and separations -and therefore the difference in differences methodology is no longer adequate. Instead, the 'first difference' is already accounted for, by considering worker flows. The two groups are compared by computing the share of teenagers in the total flow, and a count data model applied to proportions is estimated. As in the difference in differences approach, permanent heterogeneity across the groups and business cycle effects are accounted for.
Gross job flows in continuing firms
Consider first the recruitment and dismissal policy in continuing firms. The regression in The results of the models with and without random effects point in the same direction, and the magnitude of the coefficients changes slightly. A likelihood ratio test compares the random effects estimator with the pooled Poisson estimator, revealing that the panel estimator is more adequate. Therefore, the comments presented below refer just to the model that includes random effects.
After the rise in the youth minimum wage, companies decreased the share of teenagers among their newly-hired workforce ( However, the share of teenagers in job separations also decreased following the rise in the minimum wage (table 6) . Indeed, it was 15 (14 percent) percent lower in 1988 (in 1989) than in 1986. These results contrast with those of the previous table, indicating that the workers affected by a sharp rise in the minimum wage are not over-represented among those afterwards separating from their employers. Pereira (2002) reached different results, finding that the rise in youth minimum wage reduced employment, as older workers substituted for teenagers after the rise in the youth minimum wage. However, she has modeled net employment changes for a balanced panel of firms observed before and after the policy change, which may bias the results. 10 Also, her computations did not include any weights for the firms' size (measured, say, by employment), therefore, disregarding the different 10 Pereira includes in her sample approximately 22,000 firms observed in 1986 and 1988 with workers aged 18 to 35, and approximately 20,000 observed in 1986 and 1989. Teenage workers (18 or 19 years old) engaged in the firm in 1986 were bound to join the control group of young adults (aged 20 to 25) one or two years afterwards (respectively), leading to an apparent substitution effect, reinforced in the case of a sharp increase in retention rates, such as the one we have detected. An older control group would reduce this problem, and indeed the results are no longer significant in two out of three regressions if workers aged 30 to 35 are taken as the control group. impact on overall employment resulting from trends in firms with contrasting sizes.
Our separate analysis of job accessions and job separations, looking at the relevance of teenagers in each of these flows, provides further light on the issue than does the analysis of net flows, and overcomes the sampling problems in Pereira's study.
Moreover, our coverage of the existing firms in the economy is broader, since we have considered all the firms recruiting workers in the year of 1986, to compare with all the firms that recruited workers in the year of 1988 or 1989 (similarly for separations). In the following section we also take into account new firms and those going out of business.
Firm turnover
We go on to inspect the impact of the rise in the minimum wage on firm closure and firm creation, a topic earlier analyzed by Portugal and Guimarães (1998) . This analysis provides a more complete picture of the impact of the minimum wage in an economy with high levels of firm creation and firm destruction (Blanchard and Portugal, 2001 ). 6 Worker flows: do rising minimum wages increase job attachment?
A longitudinal perspective from a worker point of view can shed further light on this issue. Following workers over time, we can directly check whether youngsters who were earning sub-minimum wages tended to lose their jobs following the sharp increase in their legal minimum wage. Results reinforce the initial hint, as the rise in the minimum wage did not have the negative employment consequences predicted by traditional economic theory.
Workers aged 16 to 18 and earning sub-minimum wages in 1986 were a year later eligible for a sharp wage rise. Therefore, if the labor market were competitive and they were earning the value of their marginal product, the rise in the minimum wage would price them out of employment. Instead, table 9 shows that, in the age groups affected, the share of workers who remain employed is greater for those initially earning sub-minimum wages than for those at the full minimum. Whereas 66 percent of the youngsters aged 16 to 18 employed at sub-minimum wages in Table 9 : Employment status in 1987 of full-time wage-earners in 1986, by age and wage category. Note: * "Barely above" is defined as not exceeding the minimum plus 10 percent.
1986 were still employed full-time a year later, just 60 percent of those earning the full minimum kept their employment status.
If, instead of taking teenagers at the minimum wage as the comparison group, we consider older workers on sub-minimum wages, a similar trend is detected. The share of sub-minimum wage workers remaining in employment is higher in the ages directly affected by the rise in the minimum wage than in older groups.
This section models retention rates from a worker standpoint. We will model the probability that a worker will remain with the same employer.
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Before presenting the results, let us briefly discuss alternative specifications for the minimum wage variable and discuss the period under analysis. Three alternatives were used to specify the minimum wage variable:
• Teenagers: a broad specification that considers simply whether a worker is a teenager, to measure the employment impact of a rise in the youth minimum wage.
• sub-minimum wage teenagers: an alternative specification considers whether or not a teenager was a sub-minimum wage worker in the initial period (disregarding how far sub-minimum wages deviate from the minimum wage).
• Wage gap: according to standard competitive reasoning, the probability of remaining employed should be lower the greater the change required in the worker's wage to adjust to the new minimum wage. The distance between the worker's previous wage and the new minimum wage (wage gap) has been used in the literature as an independent variable to capture the impact of changes in the minimum wage (Card and Krueger 1994, Currie and Fallick
1996, Zavodny 2000). It was computed as:
wage gap it = minw t − w 86,i w 86,i for period t and worker i, a teenager initially earning sub-minimum wage w ; it is zero otherwise.
Attention was restricted to workers aged 16 to 35 (teenagers and young adults), since the affected and the comparison groups should be similar (Meyer 1995) .
Results are robust to the definition of alternative control groups. In particular, if we consider only workers at the minimum (or slightly above the minimum) wage, aged 20 to 35, as the comparison groups, the same results are obtained.
Workers employed in 1986, a year before the rise in the minimum wage, were kept for analysis, to explain their probability of remaining employed in 1988, a year and two months after the rise in the minimum wage had taken place.
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The three specifications in tables 10 (for men) and 11 (for women), provide a consistent view of the impact of the minimum wage. Teenagers in general were 12 The probability of remaining employed in 1987, two months after the rise in the minimum wage, should not be considered because this time lag is too short for the change in the legislation to have taken effect. For example, Neumark (1999) claims that the effect of changes in the minimum wage is felt most strongly with a one-year lag. Analyzing the separations from 1986 to 1989 would be strongly influenced by the military draft for males aged 20-21 in 1989 and therefore we have not considered that longer lag. Note however that 18-year olds in 1986 were already affected by the military service in 1988. more likely to keep their jobs, from 1986 to 1988, than were older workers. As their minimum wage was raised, compressing the bottom part of the wage distribution, the expected benefits from searching for a new job decline, and thus there is now less incentive to quit the job. Workers with sub-minimum wages are more likely to leave their job (see the coefficient on the sub-minimum variable), which could be partly associated with poor job satisfaction resulting from a low wage. However, teenagers earning sub-minimum wages in 1986 are much more likely to remain with their employer than sub-minimum-wage workers in general, or teenagers in general.
Regression estimates
The change in the legislation led to a wage raise that may have increased job attachment for the affected group of workers. The wage gap variable (specification 3) is also positive and highly significant, revealing that teenagers initially earning the lowest wages, and therefore subject to the highest wage raise, are the workers most likely to stick to their employers.
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What if sub-minimum wages had not increased? Would teenagers have shown the same pattern of behavior anyway? To further check if the differences in behavior that we are capturing are indeed due to changes in the minimum wage legislation, and not due to permanent contrasts across the groups of workers, a different time period was considered as well -one when no change in the legislation had occurred (1984 to 1986) . Worker retentions from 1984 to 1986 and from 1986 to 1988 were therefore compared, by pooling the data for both periods.
The impact of the change in the minimum wage was captured by interacting a dummy variable for the 1986-88 period, after the change in the legislation, with the minimum wage variable.
Tables 12 (for men) and 13 (for women) shed additional light on the previous results. The first specification indicates that, after the increase in the minimum wage, teenagers reinforced their higher probability to keep their jobs, when compared to older workers. The second specification similarly highlights that the change in the legislation led to increased job attachment for the affected group of workers, sub-minimum wage teenagers. A similar picture is drawn by the results of the third specification. It is worth noting that these results reveal that teenage males show higher retention rates than do their older counterparts, regardless of the period being considered. We are convinced that this pattern is largely produced by the age when male youth are drafted into the (mandatory) military service. Table 12 : Probability of remaining with the same employer, from 1984 to 1986 and from 1986 to 1988, pooled data, men (logit model). The regression controls for schooling (7 dummies), industry (7 dummies), and foreign or public ownership of the company.
These results contrast with those obtained in several previous studies. Stewart (2002) found no impact on employment for the affected group after the introduction of the minimum wage in the UK. In the work by Currie and Fallick (1996) for the USA, the affected group of workers was found to have lower probability of remaining employed than low-wage workers who were not affected by the rise in the minimum wage. Similarly, the larger the wage gap, and therefore the larger the wage increase due, the lower the probability that the worker remained employed, a result shared by Linneman (1982) . Zavodny (2000) found that the probability to remain employed in the USA following a rise in the minimum wage is lower for low-wage teens than for high-wage teens. Abowd et al. (2000) also found that job-loss effects are more pronounced for workers directly affected by the rise in the minimum wage than for those initially marginally above the new minimum wage. Neumark and Wascher (1995a, 1995b) explicitly considered supply side effects.
They concluded that following a rise in the minimum wage, high-skill teenagers Table 13 : Probability of remaining with the same employer, from 1984 to 1986 and from 1986 to 1988, pooled data, women (logit model). The regression controls for schooling (7 dummies), industry (7 dummies), and foreign or public ownership of the company.
may leave school to start working, replacing low-skilled teens, whose marginal revenue falls below the new minimum wage. According to Neumark and Wascher, the weak youth disemployment effects detected by some studies could simply result from the fact that teenagers are encouraged to leave school, driving out of work less-skilled teens previously employed. Thus, there would be strong disemployment effects on teenagers already working, but they would not be captured by the analysis simply because there would be rising demand (and supply) for moreskilled youngsters. Explicitly modeling the retention rates, we do not find support for that hypothesis, as the retention rate is higher for teens earning sub-minimum wages than for the unaffected groups of workers. Moreover, the fact that following the rise in the youth minimum wage, there is a decrease in the opportunities for job accessions by teenagers relative to older workers, as shown in section 5, reducing the impact that the minimum wage might have of pulling teenagers out of school.
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We now turn to the discussion of our results from a theoretical point of view.
After disputing the business cycle explanation for the detected trends, we present the major characteristics of the model by Burdett and Mortensen (1998) , since it provides clear predictions, in particular on the impact of the firm's wage level on quitings and hirings, and the impact of the minimum wage on employment, which are consistent with the empirical results of this paper.
14 Could it all have been driven by the business cycle, with economic expansion explaining the rise in teenage employment? Were youngsters fueling the rising employment in the economy? We believe that this was not the case. First, because the periods pre-and post-rise in the minimum wage did not differ in terms of economic growth, as the economy was already growing at a fast pace before the rise in the minimum wage, from 1985 to 1986. Second, the unemployment rate was around 9 percent in 1986, and so there was a pool of older workers seeking jobs.
Third, our methodology partially controls for business cycle effects that might have influenced the group of workers affected by the change in the legislation and similar workers that were included in the comparison group. In fact, what we are explaining is the share of teenagers in the flow of hirings or dismissals. The total flow is certainly influenced by the business cycle, but there are no strong reasons to believe that the share of teenagers in that flow should be. Even if it is, the use of hiring and separation rates at the firm level as explanatory variables would, in our view, attenuate the business cycle contamination of the results. Fourth, and most important, if business cycle effects were driving the rise in youth employment, it can be argued that job accessions by teenagers would have increased relative to older workers. On the contrary, we find that it decreased, and youngsters' rising employment was driven mainly by a decline in job separations.
14 Cahuc et al. (2001) have built a model where the type of technology used by the firm and the bargaining process over wages play a central role allowing employment of the unskilled to rise following an increase in the minimum wage. The theoretical model by Dickens et al. (1999) , where firms have monopsony power, and Lang and Kahn's (1998) bilateral search model, allow as well for a positive impact of the minimum wage on employment. However, no predictions are made concerning gross worker flows at the firm level. For an empirical test of the predictions of Burdett and Mortensen's model, see Van der Berg and Ridder (1998) . Burdett and Mortensen (1998) have developed an equilibrium wage dispersion search model that nicely matches the observed characteristics of this experiment.
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In their game, firms post wages and workers search. They can search on the job or while unemployed, taking sequential random draws from the distribution of wage offers, with the parameter λ of a Poisson distribution as the rate of arrival of offers.
Job-worker matches are exogenously destroyed at the rate δ, driving the worker into unemployment. Workers are heterogenous with respect to the utility while unemployed, b, which determines their reservation wage, and H(b) is the share of workers with reservation wage no greater than b. A wage offer is accepted by an unemployed worker if it exceeds his reservation wage. A wage offer is accepted by an employed worker if it exceeds his current wage. F (w) is the distribution of wage offers in the economy, and G(w) is the distribution of workers' wages.
There are m workers in the economy and total employment is (m − u), where u is total unemployment, a function of the distribution of wage offers and workers' reservation wages. The number of workers employed at wages no greater than w is therefore G(w)(m − u).
Firm-level worker flows, crucial in our empirical analysis, are derived. The separation equation giving the flow of workers from employment at wages no greater than w into unemployment is computed as:
The job turnover equation describes the job to job flow of workers, moving from a firm paying a wage no greater than w to a higher paying one, is:
Note that the voluntary quit rate, λ (1 − F (w)), decreases with the wage offered -better-paying employers face lower quit rates, a theoretical result of great importance in explaining the detected empirical patterns.
The flow of unemployed workers into firms offering a wage no greater than w is given by the hiring equation:
noting that du(b|F ) is the measure of unemployed workers with reservation wage b, and [F (w) − F (b)] is the probability that an offer received by a type b worker is acceptable and less than or equal to w.
From the equality, in a steady-state, of the entry and exit flows of workers, Burdett and Mortensen derive:
• a unique distribution of wages G(w);
• the function`(w|F ), the number of workers available to a firm offering wage w, given the wage offers of other firms.
Importantly, the number of workers available to a firm is increasing in w.
Therefore, firms offering higher wages are able to attract more workers. They are thus larger ones.
• a distribution of wage offers F (w) by profit-maximizing firms. Profit per employee is (p − w), with p denoting the revenue generated by each worker, and the total profit of the firm is thus (p − w)`(w|F ).
16
Offering a higher wage therefore involves a trade-off to the company -a smaller profit per employee is generated, but a larger workforce is attracted.
There are diseconomies of scale in hiring workers. Since in equilibrium all wage offers must yield the same profit, a firm may choose a policy of low wage and a small workforce, with high worker turnover, or a high wage and a larger workforce, with lower worker turnover.
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Burdett and Mortensen progress within this framework to address the impact of the minimum wage. In situations where the wage offered is below the worker reservation wage (w < b), the worker will not accept the offer, even though his productivity may be larger than his opportunity cost (p > b). Inefficient unemployment is thus generated. Inefficient unemployment is increasing in the degree of frictions existing in the labor market, δ λ = k, the ratio of the job-worker match destruction rate and the rate of arrival of wage offers. The extent of labor market frictions, k, therefore provides a measure of the employers' monopsony power.
Raising the minimum wage shifts the wage offer distribution and reduces inefficient unemployment. The model therefore explicitly predicts that increases in the minimum wage can reduce unemployment and raise employment. It has previously been documented that low-wage workers in general have higher turnover rates, either because they have fewer incentives to remain with their employer, thus being more prone to quit, or because they are the first to be dismissed in case of adverse conditions. The theoretical model of Burdett and Mortensen provides a neat theoretical framework for this pattern. Our evidence is consistent with that view. A general pattern emerges, with workers earning below the minimum generally presenting lower retention rates, and those earning higher wages 18 Another line of reasoning would consider adjustment costs. New firms, which are unconstrained in their recruitment policy, would react to the change in factor prices, recruiting a lower share of teenagers. On the contrary, firms that were already in business were partially constrained by employment firing costs and by sunk costs incurred in hiring and training of teenagers -dismissing a teenager who has been with the company for one or two years, to recruit an older worker at the same wage, might not be a profit-maximizing option. There is thus an inaction band, where the firm decides not to react to a change in the factor prices. The substitution effect could therefore have been partially held back. A scale effect is likely to operate nevertheless, and some firms might reduce their scale of operation, reducing job accessions by teenagers. revealing higher propensity to remain in employment.
Concentrating on the impact of changes in the minimum wage, our results show that the share of teenagers among newly hired workers in continuing firms decreases, just as new firms decrease the share of youngsters they hire. On the other hand, the share of teenagers in job separations in continuing firms decreases sharply following the rise in the minimum wage. From a worker perspective, we find that teenagers subject to a high wage increase resulting from the change in the minimum wage are much more prone to keep their job than comparable groups.
This result points to the relevance of supply side factors, as job attachment for lowwage youngsters may rise following an increase in their minimum wage, reducing the high job turnover that is characteristic of low-wage workers.
The main impact of the 1987 minimum wage change in the Portuguese labor market therefore seems to be the reduction of quitings and in general the reduction of separations from the employer, which compensates for the reduction of accessions (to new and continuing firms).
Appendix A: Data set and concepts used Data set
This study is based on a longitudinal data set matching firms and workers in the Portuguese economy, from 1985 to 1993. Both units can be followed over time.
The data set is gathered every year by the Ministry of Employment and Solidarity, based on an inquiry that every establishment with wage-earners is legally obliged to fill in. The response rate is extremely high, and in fact the population of firms with wage-earners in manufacturing and the services private sector is covered. No restrictions are imposed on the wage-earners covered (for example, there are no age restrictions and no limits beyond which wages would not be reported). Reported data include the firm's location, industry, employment, sales, ownership, legal setting, and the worker's gender, age, skill, occupation, schooling, admission date, earnings, duration of work, as well as the mechanism of wage bargaining. Each firm entering the database is assigned a unique identifying number and it can thus be followed over time. The Ministry implements several checks to ensure that a firm that has already reported to the database is not assigned a different identification number. The worker identification number is based on a transformation of his/her social security number.
Wages
The data base reports the gross monthly wage, split into the following components: base wage, regularly paid subsidies, overtime work and irregularly paid subsidies.
Normal and overtime hours of work are reported, as well.
The minimum wage is defined in Portugal as a monthly wage rate. Therefore, only full-time wage-earners were considered in the analysis and the wage refers to the gross base monthly wage.
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New firms, continuing firms and those gone out of business A firm is considered a new one if it had never previously reported to Quadros de Pessoal. A firm is reported as having gone out of business the first year it fails to report if it never returns to the data base. A firm is considered a continuing one if it reported both in the previous and the current periods. The regressions on the share of teenagers recruited by continuing firms include all continuing firms that recruited workers in the age bracket 16-35. Similarly, the regressions for dismissals by continuing firms include all the continuing firms that dismissed workers in the age bracket 16-35.
Appendix B: Changes in the minimum wage legislation
Apart from the changes in the age coverage of the minimum wage, which have been described in the text, the minimum wage legislation has undergone other changes, which can be summarized as follows:
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• Industry coverage: in 1977, it was extended to cover workers in agriculture, though their wage rate was lower; the following year, household service was covered as well, at a rate lower than agriculture. In 1991, the agricultural and general minimum wages were harmonized and in 1998 the same was applied to household service.
Raising the minimum wage for agriculture and for household work to the general level took place gradually and the full harmonization was therefore highly predictable. As such, these changes in the legislation do not provide adequate conditions for economic analysis.
• Firm size coverage: small firms outside agriculture with fewer than 5 workers were allowed to pay the lowest minimum, set for agriculture, a possibility introduced in 1978 and revoked in 1991. Before 1978, several regimes had existed: in 1974, firms with fewer than 5 workers were exempted; in 1975
19 Throughout the period, minimum wage reductions applied to handicapped workers. and 1976, those with fewer than 10 workers were exempted, as well; in 1977 firms with fewer than 10 workers outside agriculture were allowed to pay the minimum set for agriculture, if they proved they were in a difficult financial situation.
On request, firms claiming that the application of the new minimum wage would impose an unbearable rise in labor costs, were allowed to pay the minimum wage set for agriculture. This possibility was introduced in 1978.
In 1987, only firms with fewer than 50 workers were eligible for this reduction, and the firm size benchmark was lowered to 30 workers in 1988, 20 workers in 1989, and revoked in 1990.
Since the minimum wage for agriculture and the general one had been gradually harmonized, the abolition of these exemptions did not lead to a remarkable rise in the applicable minimum wage.
